Introduction
============

Atrial fibrillation (AF) is the most common cardiac arrhythmia with a population prevalence of about 1%.[@B1] Prevalence of diastolic heart failure is frequently correlated with AF occurrence.[@B2] The appearance of AF in patients with already impaired left ventricular (LV) diastolic function significantly aggravates diastolic heart failure.[@B3]

Tissue Doppler imaging (TDI) of mitral annular motion has been proposed to correct the influence of myocardial relaxation on transmitral flows.[@B4] The ratio of early diastolic transmitral velocity and early mitral annular diastolic velocity (E/E\') has provided better estimates of LV filling pressures than other methods.

Natriuretic peptides seem to be useful for assessment of diastolic function in patients with AF.[@B2] N-terminal pro-brain natriuretic peptide (NT-proBNP) appears to be a more discerning marker of early cardiac dysfunction than brain natriuretic peptide (BNP).[@B5]

The aims of this study were: 1) to determine the relationship between echocardiographic parameters and serum NT-proBNP levels in patients with AF, and 2) to investigate differences in NT-proBNP levels between patients with AF and patients with sinus rhythm.

Methods
=======

The study population was consisted of 63 subjects (mean age 69.3 ± 13.3 years, 33 females and 30 males), who were referred to the Echocardiographic Laboratory between 2009 and 2010. According to the rhythm, patients were divided into 2 groups. The group 1 was patients with normal sinus rhythm (n = 30, mean age 68 ± 13 years, 11 males). The group 2 was patients with AF (n = 33, mean age 70 ± 14 years, 19 males). Echocardiographic examinations had been performed in the group 1 for the evaluation of chest discomfort, dyspnea, preoperative risk, and hypertensive patients. For the patients of the group 2, we included patients with persistent/permanent AF and paroxysmal AF, defined as intermittent arrhythmia with at least 1 electrocardiogram-documented episode of AF. On examination of transthoracic echocardiography and NT-proBNP level in the patients with paroxysmal AF, they were in AF. Patients with AF were in New York Heart Association (NYHA) functional class I or II. The enrollment criteria qualified patients with preserved LV systolic function, defined as ejection fraction \> 50% without valvular heart disease. The medical history was recorded from questionnaires and an interview by the physician. Patients with inadequate echocardiographic images, congenital heart disease, a paced rhythm, pericardial disease, hypertrophic cardiomyopathy, restrictive cardiomyopathy, acute coronary syndrome, coronary artery by-pass within 6 months, or renal failure were excluded.

Conventional echocardiography and TDI were performed with NT-proBNP determination. Echocardiograms were obtained using commercially available ultrasound equipment (Acuson Sequoia C 512 with a 3.0 MHz transducer, Acuson Corp, Calif, USA, Philips Sonos 5500 with a 3.0 MHz transducer, Philips, Andover, USA). All patients were examined at rest in the left lateral decubitus position. Two-dimensional imaging was performed in the standard fashion in parasternal long- and short-axis views and apical 4- and 2-chamber views. The echocardiographic techniques and calculations of systolic and diastolic cardiac chamber dimensions and volumes were performed according to the recommendations of the American Society of Echocardiography.[@B6][@B7] Parameters were recorded for five consecutive cardiac cycles, and the results were averaged. Pulsed wave Doppler signals were recorded at a horizontal sweep of 100 mm/s. The left atrial (LA) dimension at the end of systole was assessed by M-mode cursor through the aortic valve in the parasternal short-axis view. Care was taken to obtain the smallest possible angle between the direction of transmitral flow and the ultrasound beam. Mitral inflow measurements included peak early velocity (E), peak late velocity (A), E/A ratio, and E wave deceleration time. Measurement of systolic pulmonary artery pressure was performed using the average regurgitant velocity at the tricuspid valve by continuous Doppler. The TDI was set in pulsed-wave Doppler mode. The motion of the mitral annulus was recorded in the apical four-chamber view. A 4-5 mm sample volume was positioned sequentially at the lateral and septal corners of the mitral annulus. Two major negative velocities were recorded with the movement of the annulus toward the base of the heart during diastole: one during the early phase of diastole (E\') and another during the late phase of diastole (A\'). All measurements were performed by an experienced echocardiographer blinded to the NT-proBNP level.

NT-proBNP level was measured in blood samples collected by venous puncture into ethylen diamine tetra acetic acid tubes within 24 hours of an echocardiographic examination. The automated electrochemiluminescence immunoassay (Roche-cobas e 411, Roche Diagnostics, Basel, Switzerland) was used. The echocardiographic data were stored on a 1/2-inch VHS videotape for subsequent playback, measurement, and analysis. All echocardiograms were interpreted by a cardiologist who was blinded to patient\'s NT-proBNP level.

Statistical analysis
--------------------

Data are presented as mean value ± standard deviation. Continuous data are expressed as mean and 95% confidence interval. Comparison between groups of continuous variables were tested by independent samples t test and Chi-square test. Univariate analyses for categorical variables were calculated with Chi-square test. Correlation between NT-proBNP and echocardiographic parameters was determined by Pearson\'s correlation coefficient. The backward stepwise manner was used in a multivariate analysis for evaluating the correlation of NT-proBNP with Doppler echocardiographic parameters. The receiver operating characteristic (ROC) curve was applied to identify the appropriate cutoff point that have the best sensitivity and specificity. All statistical analyses used the software package SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). A *p* value of \< 0.05 was accepted as statistically significant.

Results
=======

The basic clinical data of the study groups are presented in [Table 1](#T1){ref-type="table"}. The proportion of subjects with cerebrovascular disease was significantly higher in group 2 than group 1 (*p* \< 0.05). For other variables, there was no difference between the groups.

All the echocardiographic parameters and NT-proBNP of the two studying groups were compared on [Table 2](#T2){ref-type="table"}. The NT-proBNP level of group 2 were significantly higher than that of group 1 (*p* \< 0.01). The group 2 had significantly higher mitral E, E\' (lateral annulus), E\' (average annulus), E/E\' (septal annulus), LA volume index, LA size, and pulmonary vein diastolic velocity (PVd) than those of the group 1 (*p* \< 0.05). However, the group 1 had significantly higher ejection fraction, LV outflow tract time velocity integral (TVI), pulmonary vein systolic velocity (PVs), PVs/PVd, and mitral E deceleration time than those of the group 2 (*p* \< 0.05).

In the present study, significant correlations were found between NT-proBNP level and the echocardiographic variables as shown the [Fig. 1](#F1){ref-type="fig"} and [Table 3](#T3){ref-type="table"}. Positive correlations were observed between NT-proBNP and mitral E, E/E\' (lateral annulus), E/E\' (average annulus), LA size, LA volume index, and PVd. Negative correlations were found between NT-proBNP and deceleration time, LV outflow tract TVI, PVs, and PVs/PVd. By multivariate analysis using backward stepwise manner, mitral E (*p* = 0.001), LV outflow track TVI (*p* = 0.016), PVs (*p* = 0.001), and PVd (*p* = 0.134) were associated with NT-proBNP ([Table 4](#T4){ref-type="table"}). We could not demonstrate significant relationships between NT-proBNP and the E\', E/E\' (septal annulus), LV end-diastolic dimension, ejection fraction, and right ventricular systolic pressure.

The ability of NT-proBNP to detect E/E\' (septal annulus) \> 15 assessed with the ROC curve analysis (as shown in [Fig. 2](#F2){ref-type="fig"}) showed significance as the area under the curve 1. Cutoff value of a NT-proBNP level 433 pg/mL was associated with the most optimal sensitivity (100%) and specificity (100%) for detecting E/E\' (septal annulus) \> 15 in patients with AF. On the other hand, a NT-proBNP value of 280 pg/mL had a sensitivity of 88%, a specificity of 88% for predicting E/E\' (lateral annulus) \< 8 in patients with normal sinus rhythm.

Discussion
==========

In this study, we showed that the NT-proBNP correlates with the LV filling pressure. NT-proBNP has been known to be elevated in cardiac dysfunction and is widely used for both the diagnosis and evaluation of heart failure.[@B8] Elevated levels of NT-proBNP have been found to predict occurrence of new AF in subjects obtained from the general population,[@B9] and postoperative AF in patients undergoing surgery.[@B10][@B11] In this study, we found NT-proBNP levels to be significantly elevated in patients with AF compared to the patients with sinus rhythm. Atrial enlargement and LV diastolic dysfunction were noted in patients with AF.[@B12] In patients with AF, the higher level of NT-proBNP may also be associated with impairment of cardiac function or with an unfavorable hemodynamic profile and altered LV filling pattern resulting from the loss of atrial contraction. The exact mechanisms underlying elevated level of NT-proBNP in AF patients are not clear. Myocardial stretch, local ischemia, and oxidative stress in the atrial wall have been proposed as contributing mechanisms.[@B13]

In the present study, we analyzed the correlation between several Doppler parameters and NT-proBNP plasma level in consecutive patients with sinus rhythm and AF referred for echocardiographic examination.

A reduction in systolic pulmonary venous blood flow expressed by reduced peak velocity, velocity time integral of systolic flow, and systolic fraction of pulmonary venous blood flow was found to be attributable to AF.[@B14] Those patterns of pulmonary venous blood flow changes are related with LA dysfunction, mainly in atrial relaxation, compliance, and reservoir function.[@B15] Assessment of pulmonary venous blood flow variables and patterns by Doppler echocardiography seems useful in the management of AF patients.[@B16] Especially, the reduction in systolic pulmonary venous blood flow may be used as marker for LA dysfunction which favors thrombus formation and AF reinitiation.[@B16]

TDI is feasible and useful in assessment of LV systolic and diastolic function.[@B17] The E/E\' reflects LV filling pressure in a variety of cardiac diseases. E/E\' ratio, which is known to be an echocardiographic marker of LV filling pressure, was also related to NT-proBNP level, but the correlation was weaker.[@B18] In the study by Sohn et al.,[@B19] in which most of the patients had chronic AF, an E/E\' ratio of ≥ 11 predicted elevated LV filling pressure (≥ 15 mmHg) with a sensitivity of 75% and a specificity of 93%. Ommen et al.[@B7] showed that E/E\' has the highest predictive accuracy, and that septal E/E\' has the best ROC curve for predicting the mean LV diastolic pressure. E/E\' \> 15 identified increased LV diastolic pressure (86% specificity and 64% positive predictive value), and E/E\' \< 8 accurately predicted normal LV diastolic pressure (97% negative predictive value). Similar to our study, Mak et al.[@B20] showed BNP level is useful for evaluation of LV diastolic function as well as TDI data.

The E/E\' measured at the septal and lateral annulus correlated well with NT-proBNP in our study.

Data about relationship between conventional echocardiographic parameters and plasma level of natriuretic peptide are in controversy. Mornos et al.[@B21] reported significant but weak correlations between NT-proBNP level and E/E\' ratio, PVs, pulmonary vein atrial flow reversal velocity, LV ejection fraction, heart rate, LA size and mitral E deceleration time in patients with sinus rhythm. However, in the study of Mornos et al.,[@B21] no significant correlation was demonstrated between natriuretic peptide and other echocardiographic and Doppler parameters in patients with sinus rhythm.

Shortening of the early diastolic deceleration time of the mitral E-wave suggests impaired LV filling and increased LA pressure and it has been known as a strong predictor of an adverse outcome in symptomatic and asymptomatic individuals with LV dysfunction.[@B22] Ommen et al.[@B7] demonstrated significant correlation between deceleration time and LV filling pressure among patients with ejection fraction \< 50%, but not in those with ejection fraction \> 50%. But in the study by Sohn et al.,[@B19] deceleration time of mitral inflow did not correlate with wedge pressure.

LA volume index, LV mass index and duration of AF are independent predictors of plasma BNP levels in patients with chronic AF and preserved LV systolic function.[@B23]

This study had some limitations. First, this was a small observational and cross-sectional study without any long-term follow-up data. The small population of the study group limits the study and although the results achieved statistical significance, they must be considered carefully and require further investigation and confirmation in a larger cohort. Second, we did not performed cardiac catheterization with simultaneous Doppler interrogation.

In conclusion, NT-proBNP level is well correlated with Doppler echocardiographic parameters of diastolic function in patients with AF and preserved LV ejection fraction.

NT-proBNP level more than 433 pg/mL may suggest elevated LV filling pressure in patients with AF.

![Scatter plots showing the correlation between plasma NT-proBNP level and Mitral E (A), left atrial volume index (B), left atrial size (C), PVs (D), PVd (E), and PVs/PVd (F). Group 1: patients with normal sinus rhythm, manifested by ●, Group 2: patients with atrial fibrillation, manifested by ▲. NT-proBNP: N-terminal pro-brain natriuretic peptide, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of PVs/PVd.](jcu-19-26-g001){#F1}

![ROC curve for NT-proBNP value of 433 pg/mL in prediction of E/E\' (septal annulus) \> 15 in patients with atrial fibrillation. ROC: receiver operating characteristic, NT-proBNP: N-terminal pro-brain natriuretic peptide.](jcu-19-26-g002){#F2}

###### 

Baseline characteristics of the patients

![](jcu-19-26-i001)

Data are presented as mean ± SD or No. (%). ^\*^*p* \< 0.05. Group 1: patients with normal sinus rhythm, Group 2: patients with atrial fibrillation. BP: blood pressure, CCr: creatinine clearance, AF: atrial fibrillation, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker

###### 

Comparison of each parameters in the group 1 and the group 2

![](jcu-19-26-i002)

^\*^*p* \< 0.05. Group 1: patients with normal sinus rhythm, Group 2: patients with atrial fibrillation. NT-proBNP: N-terminal pro-brain natriuretic peptide, IVS: interventricular septum, LVPW: left ventricular posterior free wall, LVEDD: left ventricular end-diastolic dimension, LVESD: left ventricular end-systolic dimension, LVMI: left ventricular mass index, LA: left atrium, LVOT TVI: left ventricular outflow track time velocity integral, RVSP: right ventricular systolic pressure, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of PVs/PVd, E\' (average mitral annulus) (m/sec): The average E\' of both septal mitral annulus and lateral mitral annulus, E/E\': ratio of mitral E-velocity and mitral annular E\' velocity, E/E\'(average mitral annulus): ratio of mitral E-velocity and average E\'

###### 

Correlation between NT-proBNP and Doppler echocardiographic parameters

![](jcu-19-26-i003)

^\*^*p* \< 0.05. r: pearson\'s correlation coefficient. NT-proBNP: N-terminal pro-brain natriuretic, peptide, LVEDD: left ventricular end-diastolic dimension, LA: left atrium, LVOT TVI: left ventricular outflow track time velocity integral, RVSP: right ventricular systolic pressure, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of PVs/PVd, E\' (average mitral annulus) (m/sec): The average E\' of both septal mitral annulus and lateral mitral annulus, E/E\': ratio of mitral E-veolicty and mitral annular E\' velocity, E/E\'(average mitral annulus): ratio of mitral E-velocity and average E\'

###### 

Factors predicting correlation between NT-proBNP and Doppler echocardiographic parameters by backward stepwise multivariate linear regression analysis

![](jcu-19-26-i004)

^\*^*p* \< 0.05. NT-proBNP: N-terminal pro-brain natriuretic peptide, LVOT TVI: left ventricular outflow track time velocity integral, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity
